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(54) Engine intake systexn j ■ , 

I&7) An intake system for an internal combustion engine comprises: an intake passage (.10) having an intake 
port (6) and an inertia! supercharging intake pipe (1 1) leading from the -passage (10); a rotary valve (12) in . 
the intake pipe (1 1) and rotatable for opening and closing the intake pipe; and timing, adjusting means 
(100), Fig. 2. for changing the opening timing of the rotary valve (12) in .'accordance, with engine speed, ; 
The engine may be a fogr-stroke or a. two-stroke. * -.i -V-*' 




I: 1 




-I 



2Z±ZX2 2 2 2 



— 7 



\ 



Tho drawings originally filed were informa>.and the print here reproduced Is takenfrom a later filed formal copy. 
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'is \ ^.^pula^ use ' 

y V^^ - of mer^iaf supercharging^ :. •. . < >-l 
-*\. A ;wai^KjjdWri; intake system making use of. 
0 'Xindrfial' -suMfcKdrgmg^isla ^'superchaFging sy^' 
' ^./tem ^for:.en»pn^tydu4ieito' efficiency, by Xis- 
: :4 Jng. J>oth thejinertiaL effect iof air flowing 

thrwgn 4 an4otieifc^ before 
-the end of a suction ttroke ! ;and the pressure 
wave effect) .pbtaine^by synchronizihg the in- 
jroductidn of. pressure waves in the intake 
. passage into an engine' cylinder and trie clos- 
ing timing , of ian intake valve; this Is an effec- 1 
^fjye means for augmenting. an average effec- 
20 • tive pressure of an engine; • " _ :; 

In order to attainjhe inertia! effect/ , how- ; • 
ever, a predetermined or higher ^engine. ;r. p. m. ; . 
is required, depending up0h the\length of the 
intake passage. , At tow ertgine sfSSeq! there^ , 
fore,' the flow velocity .of 'air.lri the .intake ':. 
pipe is so low that the; irjertial effect "afs^/^Vv 
low, and ineffective. In order, to/aitain^he *: . 
pressure .wave effect, on .the ojher/ftano\ the' ;.' 
1 arrivak timing of the pressure waves - having a.. 
30 propagating sound veidcity at the engine cylin- 
der and the closing timing, of the intake valve ; 
have to be synchronized at a specified engine 
speed. At an engine speed Other than the 
specified one, negative pressure waves be?'.< 
come timed with the closing- of the intake '' . 
Valve so that. the pressure wave. effect .gener- 
ally becomes negative and troublesome. 
. Thus, generally speaking, an automotive en- 
gine makes use of the pressure wave -effect at • 
40. highspeed, when the irjertial effect is high, . : 
••.^with a view jco augmenting its output. This in 
N .tum means (hat low-spiked torque necessary 
for starting tfte engine; cjanndt 'be- increased. 
. In either' a petrol or a jdiesei engine,. on. the - 
45 other hano\ vortexes of .the air. in the cylinder ' 
are desirable for improvjng combustion effici- 
ency and for removing the exhaust gas. .In a 
known intake system, the intake, passage of ': 
the engine is^shaped to establish intense vor- 
50 texes dnly at a specified engine Speed. As a 
result; the vortexes are intense at a higher y 
engine speed but mild at a lower engine 
speed., so lhaf vortexes of the required inten- 
sity are generated only at an engine speed 
within a specified, narrow range, Thus com- 
bustion will be less effective if that specified 
1 _ range is not covered. • ^ * / 

On the other hand, a turbo-charged engine 
has low supercharging capacity at low speed 
because 'of characteristics of. the turbo-char- , 
ger, which, is Ineffective at a- high supercharg- 
ing pressure' so that^t cannot generate good 
low-speed torque. Therefore some turbo- 
charged engi.rtes are designed to use the afor- 
ementioned pressure wave effect as to in- • 
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range at low 
! ^?8j^d.Vrarjfl6v; however, 
IV^ffect^axarts an adverse V 
Ivantage \ that it cannot ; 

_lbw^ 

required if 6^siartift|; the vehicle.. ' ; \ . J." 
."It; is tr^s in c^)ect of this jnvention to pro- 
vide an^intake "system for "an internal combus- 
tion engine;.: which can have a constant inten- 
sity; of vortexes in the cylinders; which has: ) 
good combustion. Also it can have. a high av- 
erage effective pressure by riot limiting the 
engine r.p.m., which is effective for the inertial 
supercharging effect in the engine intake, sys- 
tem, to a /predetermined value but at all times 
, making thVspeed of the air.flowing in the* '.. 
. intake passage at the suction stroke of the •• 
\ engine substantiaEy constant, even iif the en- . 
:gijte speed changes {especially "to a iow \ v // 
85- range^ so th/rt a uniform Inertial supercharging- 

v 'effdcjt may be attained over substantially all 
' . the. engine speed range. . / \ 

' -According to this Invention, there is pro- : ' 
;. \ y vided-an intake' system for an /internal com- ' 
• "90 bustion engine;; the/system comprising: an'in- 
' ; take v passage haying an intake port and an 
inertial- supercharging intake pipe. leading from 
" the intake port; a/ rotary valve disposed in the '. 
. . intake passage and rptatebfe for -opening arid 
^ 35 'closing the intake passage/ and timing adjust? 
ing means for changing the opening tirnin& of 
the rotary valve in accorcpnce with engine 
; • speed: 

; At about three quarters of maximum engine- ■ 
•100. speerd more, specifically; the opening and clos- 
ing timings are synchronized wi.th. those of an 
intake valve, arid* the opening timing of .the 
rotary Valve is retarded by the tinning adjusting ' 
mean's-^^en the engine speed drops, so that 
105 s^cti'pn;.is/sterte^ retarded opening / 

timing of -the" rotary' valve, and. is ended with 
the closure of the intake • Valve, whereby the. 
Inertial effect and the pressure wave effect of * 
the intake air by the inertial supercharging ip- 
1 10' take^pipe may be effectively used. 

The invention will now be described by way 
of example, with reference to the drawings, in 
which:- • . . 

Figure 1 is a schematic lor?gitudigal section 
115 of a.4-cycle engine with an intake system in 
accordance with the invention; 

Figure 2 is a section on plane A^A of Rg. 
1 arid also shows timing 'adjusting means for . ' 
adjusting the opening and closing timings of a 
rotary valve in the system; 
Figure <?. is a diagrarri illustrating the volu- 
metric efficiencies (or torques) of engines with 
aJ^without the system of the- invention; 

Figure 4 Is a diagram illustrating the opening 
and closing^ timings of the rotary and intake 
valves of (the system when. the engine is run- 
ning Vat high speed; 

Figure 6 i© > diagram illustrating the* opening . :, 
and closing timings of the rotary and Intake ! 
valves of jthe system when, th^* engine is run- • 
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noweiidfjMi tfocMgec^ „ 

* 7 k withouTthe's^ ,and 

; showng7a^ ~ 
a ^^' ; systern in^et bi^S»S%^g»^lnVentipn. 
v " ! / ffef ernng • ta the draMrigsr'an intake system 

• ■.' 7hs : 'cdrisirufctfe I; lh^gehera( asf&hbwn in Fig. 1 . 
; jo~ A'*-4^cybl8' :t erh{ rtn^EfKas ; a: cylinder head 5 

mounted on i cylinder ;U In^this cylinder t is. 
a reciprocatin J piston 3. which -carries a piston 
^ ring 2 to rotate a .crankshaft (not shown) \ 
./through a connecting rod 4. The head 5 has 
15 an intake portj 6 and an exhaust porj 7 which 
' have an Intake valve 8 andean exhaust valve 9- 
respectively. Upstream of the. intake port 6 in 
an inertial supercharging long intake pipe t 1 
• connecting the intake port 6 and an intake 
20 chamber 10, there is arranged a rotary valve 

12 which is driven from the crankshaft 
th'rough a gear transmission, to op'erate as a . 
control valve. \ 

fig: 2 shows the timjng adju6p'ng meaHs" in- 
. 25 eluding the drive to the rotary v,alve'12. This 

valve 12 is fixed by a pin- 14 of} a drive shaft 
s 13 supported by a valve body 1-1 a formed 

midway of the intake pipe 1.1/ The drive shaft 

13 is mounted by a plurality of bearings 19 
30 and a pair of sleeves 1 5 whiclji 'are arranged . • 
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to clamp the rotary, valval 2 in the valve body 
•11a, and also by a singlf^sleeye 16.' The 
. drive shaft 13 has one end formed with a 
counter-clockwise helical spline 13a. 
35 . A timing gear 17 is connected in driven re- 
lationship with the crankshaft (not shown) by 
a gear mechanism. A rotary shiaft 18 is inte- 
/ grated with the timing gear 17 andNjs sup- 

■ . ported at its right hand end by a bearing 20* 
40 <and a bracket 21 attached to the engine. The 
' r . left, hand end of the shaft 18 jias a clockwise 
• helical spline -18a. • These- counter-clockwise 

J r .« 1 ; and clockwise helical splines ^3a ancJ 18a are 

connected by an adjusting member 22 which 
is formed on its inner face with teeth 22a and 
22b meshing with the two spjines 13a. and 
18a. respectively. > 

A centrifugal weigh! 23 is swingably sup- 
ported by a pin 25 on a bracket 24. projecting . 
frorn the inner side of the timing gear 17. The 
weight 23 has one end abutting the right hand - 
end of the adjusting member 22. * 
. A compression coil spring 26 is. mounted 
between a flange 13b. of. the drive shafM3 
55 and the left hand end of the adjusting member 
22 for urging the latter against the centrifugal: 
weight 23 at all times. Thus the weight 23 V 
cannot overcome the force of the spring '26 at 
a predetermined or lower speed of the enginp 
but at a higher speed can move the adjusting 
member 22 to the left. As a result, 1 a phase | 
difference is established between the rotary ; 
shaft 18 and the drive shaft 13 .by the helical 
splines 13a and, 1.8a meshing with the teetr! 
22a and 22b. In. other words, the drive snap 
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retard - 

As/. 

suction 

starting ':tirirjlnQ {6 r f f;the ^engine and to shorten, 
the suctioni iperlbS; . • "; , • 

Art adjusting JeVer 27 is mounted on a pin- 
28. The lever 27 has Its lower end engaging 
In a groovi 22c of the adjusting member 22 
and its upper'ehd connected to a' fuel flow 
rate adjusting device (not shown) by a link 29. 
In the embodiment shown in Fig. 1 ,. inciden- 
jily, the rotary valve 12 has its valve opening 
d closing, periods set at about every 90 ' 
egrees.and is driven at one half- the speed of 
e crankshaft, by the timing gear 17. If how* 
ever the rotary valve 12 is driven at a quarter" 
of the speed of ^tha crankshaft, the valve 
opening periods may be^set at about 45 de- 
grees. 

The adjusting means, as generally denoted 
by numeral 100, which is used in the inteke ~ 
system of the Invention for adjusting the 
opening and closing timings of the rotary 
valve* need not have its construction limited 
to the combination of the centrifugal weight 
the spring, the lever and the adjusting member- 
engaging with the helical splines for axial 
movements. The operation of the intake sys- 
tem of the invention is not affected if the' 
adjusting means 100 is constructed to adjust- 
the opening timing of the rotary valve in 'ac- 
cordance with engtnee speed or load, for 
example., ■ *> . 

Operation of the embodiment described 
above will now be discussed. 

Fig. 3 illustrates the relation between engine 
speed, volumetric efficiency and torque. In Fig. 
3 the solid; curve indicates the case of no 
inertia! supercharging; the dashed curve indi- 
cates the inertial effect if an inertial super- 
charging intake pipe used is long; the single 
dot-dash curve indicates the case of inertial 
supercharging in wbich^ the pressure wave ef- 
fect is added to trie inertial effect; a pd the • 
1 10 double-dot-dash curve, indicates use. of the 
system of the invention. 
In a welliknbwn engine having a : maximum . 
j speed of 15,000 r.p.m. , for example, the 
length of the intake pipe is set to Establish 
the .maximum pressure wave effect at o^OGO \ 
r.p:m. so that engine output may be aug- 
men ted, At low speed, however,, high torque 
cannot be; obtained, as. has been discussed 
above.' If the system of the invention i js ap- 
120 pfied to this engine, the' centrifugal weight 23 
'has a high centrifugal force at the high speed 
' of 5,000 r.p.m.; so that its inward projection 
23a pyshas the^ adjusting member 22 against 
the compression spring. 26 and so that the 
125 phase of the rbtarY.v^lve" 12 is so advanced ..' 
with resjJect tPthe timing gear 17 (as shown- : 
in Fig; 4) as to Synchronize the timings of 'the V- 
. . openings .of thej intake valve and the rotary 

valve. In-.the Fig. 4 state, an engine -having .the | 
130 intake system of the invention has its intake 
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V J^ehcl ^wbj9«e^|i^ til 

^ " ^similar 16: thos^of^the" ordinary 'inertiar super- •. 
k s ? 'changing ^nginephbwrv^in fftfifr3, so that it 5 
can generate 8 v ^milarlyflargi& torque - t . 

^At a low enigine ^ 
. idjnas its -miakB^pM^g(Tjope^j^n^6 SO eloh- ' 
gated that the VpinB8iiui«Swtit%s 'flowing at a \ 
. constant sound ^etolf^into-ithe ^cylinder are [ ( t ;. 
reflected,. If tperihtake va(v8^dosed;^0**re^ 
turn. as back jpressure^ waves l*j the intake 
15 passage. As ;a>esult; : Tnot only the pressure 
wave effect' turrjs 'negative but the piston . i 
\ speed is so low thar the . corresponding gas 
flow speed in the intake; passage drops, to 
,,■ degrade the inertia! effect, as shown in Fig. 3. 
20 In the system of the invention! }ha centrifu- 
gal force of the weight 23. falls so as not to 
overcome the force of the spring 2&as the 
engine speed drops, so that the adjusting 
member 22 is pushed to trite right to retard 
25 the phase of the shaft 13,|and accordingly the 
phase of the rotary valve on the shaft 13, 
.with .respect' to that of thejtiming gear 17. As 
. a result, the open time period of the intake 
passage, which is to be dperied when the 
30 rotary valve 12 is opened and closed when 
'•■ the intake valve 8 is clojsed,. is equalized with 
that oMhe high engine speed, .so that the ■ 
pressure wave effect similar to the high en- 
..gine speed occurs and also so that the gas 
35 flow speed in the intake passage in the suc- 
tion stroke is held at the; (same level. as at high 
engine speed, so as to provide Bn inertia) efv 
feet similar to that of the [high engine spee^.j 
as indicated by a double- ^asK-dotted curve in 
40 Fig. 3. j , ' ^ 

These operations will bje described in^more 
detail with- reference- to F|gs. 3, 4 and 5.. If 
the engine having its intake passage and valve 
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timings set to exhibit the. -highest effects at 
5,000 r.p.m, for example* is run at half speed 



or 2,500 r.p.m. for example, the timing of 
opening the rotary valve is retarded, as shown 
in Fig. 4, such that the intake .valve. open per- 
iod, i.e. the intake passage open period of , 
50 250 degrees is reduced to one half, i.e. 125 / 
degrees. Then the intake passage open period 
is identical to that of the .engine speed of 
5,000 rp.m., so that the inertial supercharging 
effect obtainable is similar to that of the en- 
55 gine speed of 5,000 r.p.m., as has been tie- 
scribed. 

With the engine speed changing, moreover, 
the flow speed of the gases flowing into the 
cylinder is constant. This also makes constant 
60 the intensity . of the vortexes generated in the 
cylinder so that the gases, can be burned at 
high efficiency over the whole speed, range 
while emitting a "clean" exhaust. 
• Now operatiorT.wili be described as applied 
65 to the. case in which the system of the ifyen 
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7 solid cu>Ve£in c R^^ be- 
^ - ^twe 

"engine^ the; -turbo-charged , 

70 Engine; has Jits ^r^ue^ugmenteld with ahgtne 
; speed; ae^jhdica^id by 4he dashed curve in - 
Fig; 6; tf $K«i*riglrie '-. has ^a-ihigh , allowable 
combustlbrilpressw torque will* 

increase\al6ng ;the;dashed curve but will fail to 
generate the Jow^speed torque necessary for a . 
vehicular Engine. , . - . 

Even if -the inertial supercharging device I3 ... 
set atithe-ehgine r.p.m. a in Fig. 6, wjth a 
view tb improving low-speed torque, on the 
80 other hand ^his low-speed torque is aug- 
mented a9 along a triple?dash-doned curve, as 
is well known. At"an engine r.p.m. b in Fig.. 
6, however, a very low-speed torque is not 
changed aind fails to generate the starting tor- 
85 que necessary for the engine. If the rotary, 
^valve for adjusting the valve opening ar\d clos- y 
' ing timings is added to the intake passage of 
the turbo^cherged .engine having inertial super- 
charging and has. its opening: timing adjusted, ' 
90 as has been described, the very low-speed > 
torque (i.e. the torque at the engine r.p.m. b 
in Fig. 6) .can be increased, as indicated by 
the clduble-dash-dotted curve. 

Operation, of a spark ignition engine, to ; 
which the system of the invention is applied^ 

rtrally 
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will now be described with the engine pari 
loaded. In order that the rotary valve 12 in. '. 
the intakS passage, having no .throttle means' 
' such as a throttle valve*, may be/ opened in • 
100 the vicinity of the bottom. dead, point of the . 
suction stroke, the line 29 (Fig. 2} of the fuel 
supply rate adjusting device (not shown) is 
puftod to thd. right to turn xhe adjusting lever . 
27 clockwise on the pin 28 so that the ad- 
x 105 justing member 12 is moved further to the left 
to retard the opening timing of the rotary 
valve ;12. Then the air-fuel mixture can.be 
sucked at sound velocity into the cylinder un-. 
der high vacuum so that highly intense vor- 
1 10 texes can be generated in the cylinder by that'; 
mixture in a very short time period, for burnipfj' 
of the mixture, even if the mixture is lean: Ifh • 
idling, for example, the Intake port open; per- 
iod is shortened to as little as about 5 de- 
115 Qfees} so that the fuei supply rate adjusting. . 
device elongates the intake port ppen peridd" 
with the increase in the load. \ 

Fig. 7 shows the case ih* which 4he system 
of the invention is applied to a 2-str6ke cycle . 
120 engine. In this case, the rotary valve 12 also- / 
Tjas its ppen period adjusted by timing adjust- 
irJglneans similar to that shown in Fig. 2 tb / 
adjust the. intake pon. open period, as has * 
been described, so that the inertial super ; " e * . 
125 charging effect can also be attained even at , ' 
low engine speed; as : in :jthe 4-stroke_cycle 
/ - engine. ' . . t ' 

As so.fajr described, the rotary, valve for ^ 
\ adjusting *ljie valve opening and closing tinv , ; ■ .'/• 
1 30 ings is disposed in the intake passage and has ; 
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V. VehgihU: : spe^ 

waves in the %lin]de^V/ithoi/t fail and to 

. establish the inert ali«ffect notify at' a high 
. speed but at. a lovy.inglri'e :speed>o jhat a 

10" high volumetric efpci^hcy^can beiwftained over 
'the whole speed fjange.:Also'.the intensity of 
.the vortexes in the cylinder is made- constant, 

• independently ot tne enginef speed rto effect 
"clean" combustion 8nd. at high ^efficiency so 

J 5 that high torque can^e; generated over the 
f whole speed range. 

Also* the flow rate of the, piixtufe is not 
^ adjusted by the throttle valve when therspark- 
: ignition. engine is under its partiahoad/but the 
20 open period of the intake passage, is shgfc- * 
tened oy retarding the open timijig of the ro- 

• tary valve 12, so that the mixture is intro- 
duced at sound velocity- into the cylinder. As' 
a result.; the intensity of the vortexes is in- . 

25 creased 'to give lean combustion; under partial 
load, so that the^engine can have high heat 
efficiency with low* exhaust pollution. 
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CLAIMS 

1.. An Intake system for an internal com- 
bustion engine, the system comprising: an in- 
take passage having an intake port and an . 
inertial supercharging intake pipe leading from* 
the intake port; anotery valve disposed in the 
intake passage and>rotatqble for opening and 
y closing the intake passage; an& timing adjust- 
k ing means for changing' Ihe opening timing of 
/ the* rotary valve Mn accordance V'th engine 
,"i speed. . . i I 

j 40". 2. A system according to (tlaim 1,. ' 

l ) ". wherein, at substantially three -quarters of the 
• A ^ maximum engine speed, opening^and closing . 
. timings are synchronized with those of an in-' 
take valve/ and wherein the opening timing of . 
\ 45 .the rotary valve is retarded by the timing ad-' 
justing means .vvngn me engine speed drops;- 
so that the suction starts' with the 'retarded 
opening timing of the rotary valve, and ends 
with the closure of the intake valve/ whereby 
the inertial effect and the pressure wave effect 
of the intake air .by the intake pipe can be 
used. 

3. A system according to claim 1 or claim 
2 wherein the timing adjusting means includes 

55 a first driven shaft on which the, rotary valve 
is mounted; a second driving shaft>-end an 
.. adjustable connection between the first ^nd 
second shafts. 

4. A system according to claim 3 wherein 
60. the first and second shafts are "disposed end 

to end on a common axis. 

5. A system according to claim 4. wherein 
the, first shaft has a helical, spline of one hand, 
the second shaft has a helical spline of oppo- 
site hand, and an internally thread]^ sleeve' - 
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speed .7 - 

>/cV'bf: /' 



engages both "splines, and is co-axial Wth , 

itemfa^ 5 wherein 

s movable iby adjusting means in 
accordance' with ; engine speed. < • 

7. A system ^according' to fcla'im 6 wherein 
the adjusting means is a centrifugal weight in 
eY/otatable; mounting, and a compression coil 
spring which urges the sleeve/towards the 
weight, such that above a given engine 
.the' centrifugal weight overcornes the force 
the spring and -moves the sleeve. 'to adjust the/ 
driven shaff end ?the rotar^ valve. 

8. A system according to any of, claims 5 
Ao 7, wherjbin the sleeve-vis additionally adjus-V; 

tabiy movable by a- fuel flow rate- adjusting . 
device.- s . 

9. An intake^ system for an internal com- .* 
bustion engine, the system being substantially 
as herein described with reference to the 
drawings. . ' * 

Printed for Her Majesty's Stationery Office 
by Burgess S Son (Abingdon) Ltd. Od BB 17356, 1987. 
Published et The Patent Office. 25 Southampton Buildings, 
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